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ABSTRACT 

The Hyades is the nearest open cluster, relatively young and containing numer- 
ous A-type stars; its known age, distance, and metallicity make it an ideal site to 
study planetary systems around 2 — 3 Mq stars at an epoch similar to the late heavy 
bombardment. Hubble Space Telescope far-ultraviolet spectroscopy strongly suggests 
ongoing, external metal pollution in two remnant Hyads. For ongoing accretion in both 
stars, the polluting material has log[n(Si)/n(C)] > 0.2, is more carbon deficient than 
chondritic meteorites, and is thus rocky. These data are consistent with a picture where 
rocky planetesimals and small planets have formed in the Hyades around two main- 
sequence A-type stars, whose white dwarf descendants bear the scars. These detections 
via metal pollution are shown to be equivalent to infrared excesses of Lir/L* ^ 10~^ 
in the terrestrial zone of the stars. 

Key words: open clusters and associations: individual (Hyades) — stars: 
abundances — planetary systems — white dwarfs 



1 INTRODUCTION 

Despite the proliferation of confirmed exoplanets, and con- 
tinuing successes in novel methods and instruments designed 
for their detection, planetary systems in star clusters remain 
elusive. Of the roughly 800 known exoplanets, only four are 
known to orbit stars in clusters. The first two exoplanets 
identified in clusters were giant planets orbiting giant stars 
llSato et al ] |2007l : iLovis fc MaTO^bOOTl ): one of those plan- 
ets (eTaub) was discovered in the Hyades. This relatively 
tiny number has only recently doubled with the radial ve- 
locity det ection of two hot J upiters around Sun-like stars in 
Praesepe l|Quinn et al.ll2012l ). 

This situation is unfortunate because star clusters can, 
in principle, provide a sound statistical basis for planet pop- 
ulation studies. A cluster offers uniform distance, age, and 
metallicity, and typicall y has a well-studied mass function 
and local environment l|Cochran et al.l 120021 ') . Specifically, 
clusters allow studies of planet formation as a function of 
stellar mass, as this is one of the few independent vari- 
ables, and arguably the most significant. With its super- 
solar metallicity, the Hyades is an excellent hunting ground 
for giant planets, but a precision radial velocity survey of 
nearly 100 solar- and low-mass main-sequence stars resulted 
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in no detections l|Paulson et al.ll2004l ). A similar search of 
about 90 dwarf, subgiant, an d giant stars in M67 also pro- 
duced no planet candidates (IPasguini et al.l [20121 '). It may 
be that the lack of planet detections (relative to field stars) 
is a telltale, and that clusters have an impact on both the 
planet formation process or their longer-term survival, but 
a lack of sensitivity due to youthful stellar activity is a dis- 
tinct possibility for the null results of these radial velocity 
searches. 

Debris disks around cluster stars provides compli- 
mentary information, indicating the presence of planetes- 
imal populations that are typically Kuiper Belt analog s 
(jWvatt et al.l l2003l : IZuckermanl l200ll : iHolland et aLlll998l ). 
and sometim es containing the dynamical signatures of 
planets (Kal as et al.l |2005| ). Several examples of dusty, 
intermediate- and solar-mass, main-sequence stars have been 
identified in the Hyades and similar ly young open clusters 
l|Urban et al.ll2012l : [cieza et al.ll2008l '): their (infrared) spec- 
tral energy distributions are comparable to those observed 
toward field s tars with circumstellar dust (|Su et al.l l2006l : 
iBrvd en et al. I l2006l ). and are thus compatible with outer 
system, icy planetesimal belts. To date, only the unusually 
strong and warm infrared ex cess detected around a solar- 
mass Pleiad l|Rhee et al. ||2008l) has furnished evidence of de- 
bris within the inner planetary system of a cluster star, and 
supports a picture of a dynamically active, terrestrial plan- 
etary system. 
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Figure 1. COS spectra of the two white dwarf Hyads. The data 
have been smoothed by a 5-pixel Gaussian to a resolution near 
0.05 A (the break in wavelength coverage is due to the gap be- 
tween detectors). See Figuro[2]for feature details and model fits. 



This paper reports the detection of silicon-rich mate- 
rial that is consistent with rocky planetary debris around 
two descendants of intermediate mass (late B- or A-type) 
stars in the Hyades open cluster. The discovery was made 
via far-ultraviolet spectroscopy of two white dwarf Hyads: 
WD0421-M62 (EG 36) and WD 0431-^126 (EG 39). The 
spectra of both stars contain absorption lines of Sill, and 
upper limits for volatile elements such as carbon, that sug- 
gest ongoing accretion from a young but evolved terrestrial 
planetary system. The observations and data analysis are 
described in §2, and properties of the planetary debris are 
discussed in §3, where it is also shown that white dwarf 
metal pollution is more sensitive than other methods of exo- 
terrestrial debris detection. Whereas this paper reports the 
ultraviolet observations of two white dwarf Hyads, Zucker- 
man et al. (2013, submitted to ApJ) report an optical study 
of atmospheric metals in Hyades white dwarfs. 



2 OBSERVATIONS AND ANALYSIS 
2.1 Ultraviolet Spectra 

The two Hyads were selected as part of Hubble Space Tele- 
scope (HST) Cycle 18 Snapshot program 12169 to search 
for external metal pollution in 17 000 K < Tcfi < 25 000 K 
hydrogen-dominated (DA-type) white dwarfs; their cluster 
membership was incidental. Both stars were observed for 
400 s with the Cosmic Origins Spectrograph (COS) using the 
G130M grating and a central wavelength setting at 1291 A, 
covering 1130 — 1435 A. The data were processed and cali- 
brated with CALCOS 2.15.6, and are shown in Figure [1] 

The spectra reveal the Stark-broadened Lya profile in- 
trinsic to DA stars, plus several photospheric lines of Sin. 
Also visible in each of the spectra are three relatively strong 
interstellar (resonance) lines, one each of Cii, Oi, and Sin. 
In both stars, the latter interstellar line is accompanied by 
a relatively strong photospheric line, which is significantly 
red-shifted (Ad « 60kms~^) as to be fully separated from 
the interstellar component at the instrumental resolution 



(Figure [Sjl . Raw signal-to-noise was calculated in the rela- 
tively flat region between 1310 and 1330 A, yielding 11.4 for 
0421-^162 and 12.7 for 0431-^126. 



2.2 Atmospheric Parameters and Metal 
Abundances 

Using av ailable UBVJ photom etry and the cluster center 
parallax (jPerrvman et al.lll998l ). spectral models were fitted 
to the measured fluxes and stellar parameters were derived 
independent of spectroscopy. The effective temperatures and 
surface gravities calculated in this way are listed in Table [T] 
and the resulting masses are listed as Md in Table [21 The 
most significant source of uncertainty in this method is the 
parallax, which applies to the cluster core; while the two 
white dwarfs appear to be well within the central region 
based on their distance from the core in the plane of the 
sky, their actual radial offset is relatively uncertain. 

The COS spec tra were analyzed as det ailed in 
iGansicke et al.1 l|2012l ). using the input physics of iKoesteil 
I 2010t ) but with log g fixed to the values from the photom- 
etry and cluster parallax. Atmospheric parameters deter- 
mined for both stars from the ultraviolet data are listed in 
Table[T] where the reported errors are statistical only. Actual 
errors can be estimated by comparison with previous deter- 
minations that use similar or identical models, but are based 
on optical spectra. There exist several spectroscopic analyses 
for both 0421-1-162 and 0431-1-126, the mos t recent of which 
are b ased on single-order optica l spectra llGianninas et al.l 
l201lh . and optical echelle data (jKoester et al.ll2009l ): both 
are listed in Table [1] Overall, there is good agreement be- 
tween the various methods. 

Importantly, it should be emphasized that the exact 
choice of TcS and log g does not significantly alter the de- 
rived metal abundances. The uncertainties give rise to abun- 
dance errors smaller than the typical measurement error 
(0.1 dex), and the metal-to-m etal ratios are essentially un- 
affected (|Gansicke et al.ll2012l ). It is still worthwhile, how- 
ever, to consider the most accurate white dwarf parameters, 
as these can be linked to their main-sequence progenitors, 
and thus provide insight on the rocky planetary systems 
they construct. The adopted T^s, log g, Mwd in Table [5] 
are the unweighted average of all the independent values 
listed in Table [TJ while Msp is the mass derived from the un- 
weighted average of the two optical spectroscopic datasets. 
Table [2] also lists main-sequence progenitor masses for the 
two Hya ds, derived using appropriate initial-to-fi nal mass 
relations (|WiUiams et al.ll2009l : iKaUrai et al.ll2008l '). 

The metal absorption features in the COS spectra were 
analyzed using the T^s and log g listed at the top of Ta- 
ble (2] Silicon abundance ratios, relative to hydrogen, were 
calculated for both stars, as well as upper limits for carbon 
based on several strong lines, including the C ll resonance 
line. From the derived abundances and upper limit s , diffu - 
sion fluxes were calculated following iGansicke et all l|2012l ): 
these are exactly the accretion rates and limits for each ele- 
ment and are listed in Table [1] This is the correct approach 
for these warm DA stars, which essentially lack convection 
zones, and diffusion timescales change as a function of opti- 
cal depth. In these white dwarfs, the timescale for metals to 
sink is very short (order of days) and a steady state assump- 
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Figure 2. The strongest features detected in the normalized COS spectra (gray) of the two Hyads, together with the best fitting 
model spectra (red). Photospheric lines of Sill are seen in both stars at vacuum wavelengths If 90. 4, ff93.3, ff94.5, f260.4, 1264.7, 
1265.0 A, while 0421+162 also exhibits 1309.3, 1309.5 A lines of the same ion. Interstellar resonance lines are present at f 260.4 A (Sin, 
but blue-shifted in both stars by 60kms~^ with respect to the corresponding photospheric lines), 1302.2 A (Ol), and 1334.5 A (Cll), 
and are indicated by dashed lines. Similarly indicated are additional interstellar lines at 1259.5 A (Sll) and 1335.7 A (Cll) often seen in 
far-ultraviolet spectra of nearby white dwarfs; their absence here illustrates the low interstellar column density along the line of sight to 
the cluster. Geocoronal airglow of O I at 1302.2, 1304.9, and 1306.0 A can contaminate COS spectra to some degree, and typical airglow 
line profiles are shown in the middle panel scaled to an arbitrary flux. 



tion is safe (for a detailed discussion, see iGansicke et al.l 
|2012| ). 



2.3 Photospheric Velocities and Gravitational 
Redshifts 

Both stars were also observed in the SPY survey 
ijNapiwotzki et al.ll2003l l. on two separate nights each with 



UVES, and these spectra were downloaded from the VLT 
archive and analyzed to search for additional metals lines 
and to calculate radial velocities. There is no evidence of 
Can K 3933.7 A or Mgll 4481.2 A absorption, which are the 
strongest metal transitions in the optical for white dwarfs 
in this temperature range. The line velocities of Ha and H/3 
(the sum Urad + Wgr) wcrc measured for both stars, in each of 
their datasets and are listed in Table (2] The measurements 
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Table 1. Atmospheric Parameters from Photometry and Cluster 
Parallax, Optical and Ultraviolet Spectroscopy 



Table 2. Results Summary 



WD 




log g 






(K) 


(cms~^) 




0421+162 


18 676( 130) 


8.05(02) 


1 




19 364( 40) 


8.08(01) 


2 




20 010( 315) 


8.13(05) 


3 




18 918( 8) 


8.05 


4 


0431+126 


21000(1022) 


8.14(06) 


1 




20 929( 40) 


8.09(01) 


2 




21890( 346) 


8.11(05) 


3 




20 992( 9) 


8.14 


4 



Method: (1) UBVJ photometry com bined with cluster paral- 
lax; (2) Optical echelle spectroscopy l lKoester et al.l [20091 ) with 
updated models (S2.1 ); (3) Single-order optical spectroscopy 
ijGianninas et aLll2011^ : (4) COS spectroscopy with log g fixed. 



for H/3 agree within 2% of that found for Hq, but the NLTE 
core of the latter line makes it more reliable and thus only 
those velocities were used. 

Notably, the average, heliocentric-corrected velocities 
from fits to three Si ll lines in the COS spectra of both stars, 
listed in Table [2J agree remarkably well with the Balmer line 
velocities, and demonstrate unambiguously that the metal 
lines are photospheric. The velocities derived from the inter- 
stellar C II and Si ll lines are consistent with those measured 
for the local i nterstellar cloud toward several Hyades stars 
l|Redfield fc Linskv 2001). 

If both white dwarfs are moving at a radial velocity 
similar to the cluster center, then their remaining velocity 
components can be used to establish their masses and radii 
via gravitational redshifts plus a (theoretical) mass-radius 
relation (Koester ,1987 ). This is the only available method 
for deriving single white dwarf masses that does not rely 
on atmospheric models. The cluster core radial velocity is 
+38.6kms~^, the two stars are 0.9 and 3.4pc distant from 
the cluster center in the plane of the sky, and are there- 
fore likely to be within the r < 10 pc defined cluster center 
jPerrvman et al.lll998l ). Gravitational redshifts were derived 
from the UVES data and white dwarf mas ses were calculated 
adopting the cooling models of If olberg fc BergeronI (|2006| ) 



and the mass-radius relations of IPanei et al. ( 200G| ) . Table 



[5] summarizes the results and yields very similar masses for 
the two stars, listed as Mg^; these measurements compare 
favorably to those dete rmined in p revious Hya des studies 
l|Claver et al.ll200ll : lRe"id.l99& : .Wegner et al.|[l98a ) . 



3 RESULTS AND DISCUSSION 
3.1 Not Interstellar Matter 

Before discussing the implications of detecting photospheric 
silicon in the COS spectra of these remnant Hyads, it is ap- 
propriate to review the arguments against an interstellar ori- 
gin for these lines. First, while absorption from the local in- 
terstellar cloud is detected via the strong 1260.4 A resonance 
line, the additional lines at 1264.7 and 1265.0 A arise from 
an excited state 0.035 eV above the ground state, which is 
unpopulated in the interstellar medium, and hence must be 



WD 


0421+162 


0431+126 


Adopted Parameters: 






Toff (K) 


19242(586) 


21202(459) 


log [g (cms~^)] 




O. L L\\JO } 


Velocities (kms^-"-): 








74.8(0.6) 


73.7(0.6) 


'"1113,1 


74.1(1.3) 


72.6(1.3) 




76.3(0.6) 


76.6(0.6) 


'"H/3,2 


78.1(1.3) 


77.2(1.3) 








Vg-p 


37.0(0.6) 


36.6(0.6) 


Stellar Masses (Mq): 








0.65(01) 


0.71(04) 




0.69(02) 


0.69(02) 




0.70(01) 


0.70(01) 




0.67(02) 


0.69(02) 




2.5(0.2) 


2.7(0.2) 


Debris Properties: 






log[n(Si)/n(H)] 


-7.5 


-8.0 


log[n(Si)/n(C)] 


> 0.7 


> 0.2 


log[Msi (gs-i)] 


5.3 


4.8 


log[Mz (gs-i)P 


6.2 


5.6 



Note. Mci is the mass derived assuming the cluster parallax, Msp 
is the mass derived via spectroscopy, Mgr is the mass derived 
by gravitational redshift, is the adopted white dwarf mass, 

and Mms is the main-sequence progenitor mass. Gravitational 
redshifts are derived by assuming v,-^^ = 38.6 km s-^ (See §2.2 
and 2.3 for details). 

t Errors are a few kms~^. 

^Calculated assuming silicon represents 0.16 of the total mass, as 
in the bulk Earth (§3). 

photospheric. Second, if the white dwarfs have accreted in- 
terstellar material, one would expect to detect photospheric 
carbon at Si/C broadly consistent with the solar value. As 
shown below, the non-detection of carbon implies that in- 
falling debris is at least an order of magnitude higher in 
Si/C than expected for the interstellar medium. Third, even 
for the relatively low accretion rate of Msi = lO** ** gs~^ in 
0431+126, the infall of interstellar gas would be dominated 
by hydrogen at Mh > lO'^'* gs"'^. For Eddington type (gravi- 
tational) accretion at re lative speeds of 40 k ms~^ this would 
require pH 100 cm"^ (jFarihi et al.ll2010al ). 



3.2 Can Silicon be Supported by Radiative 
Levitation? 

For DA white dwarfs of Tes ^ 20 000 K, the detection of at- 
mospheric metals heis previously been an unambiguous sign 
of ongoing accretion. Only high levels of metal pollution are 
detectable with optical spectroscopy of warm DA stars, via 
calcium or magnesium absorption lines, and the correspond- 
ing heavy element masse s cannot be radiatively su stained in 
any atmospheric models l|Koester fc Wilkenll2006h . The sen- 
sitive ultraviolet data obtained with COS reveal relatively 
modest levels of atmospheric silicon, an element that could 
potentially be susceptible to radiative levitation in this range 
of effective temperatures, unlike calcium and magnesium. 
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Figure 3. Lower limits to tlie Si/C abundances in tlie mate- 
rial polluting the two Hyades white dwarfs, assuming accretion 
is ongoing. Also shown are the same ratios for the Sun, Halley, 
chondrites, the core and bulk Earth l lLodderjbOOal: iMcDonoughl 
I2OOOI : iLodders fc Fegle^llQQSh . These lower limits indicate that 
currently infalling material in both stars must be rocky; the Si/C 
ratios are more volatile-depleted than those in chondritic mete- 
orites, suggesting formation in the terrestrial zone of their respec- 
tive planetary systems. 



The amount of atmospheric sihcon that can be sup- 
ported by stellar radiation is not known, and previous model 
comparisons with metals in TcB > 25 000 K whit e dwarfs 
have n ot yet been quantitatively successful ( Chaver et al.l 
Il995bl ). The only available model at lower temperatures pre- 
dicts that surface silicon abundances of [Si/H] = —8.0 are 
mai ntained by radiative acce leration at 20 000 K and log g = 
8.0 l|Chaver fc Dupuij|2010l '): 0421+162 and 0431-f-126 have 
[Si/H] = -7.5 and -8.0 respectively. 

However, there are at least three problems with the pic- 
ture in which silicon is radiatively supported in both of these 
white dwarfs. First, the cooler of the two stars has more at- 
mospheric silicon, in contrast to model predictions in which 
levitation efficiency scales with luminosity. Second, in the 
full COS Snapshot sample, there are numerous stars in the 
same temperature range with detected silicon abundances 
lower t han the two Hyads (Gansicke et al. 2013, in prepa- 
ration; (KGesteT^T^alJlioi^). Specifically, there are at least 
11 stars with measured [Si/H] < —8.0, and seven of these 
are predicted to have high er levitation efficien cy than both 
0421+162 and 0431+126 d Koester et al] 120121 '). Third, sili- 
con cannot have been supported in the atmosphere of these 
two white dwarfs for their entire cooli ng age; near 70 000 K 
any and all primordial silicon will sink (| Chaver et al.|[l995al ) , 
and thus the silicon must be external. Radiative levitation of 
silicon is therefore not supported by the data at the observed 
atmospheric parameters and abundances. 



3.3 Super Chondritic Si/C 

Figure [3] plots the Si/C number ratio for each of the stars, 
and compares it to several Solar System benchmarks. The 
key result is that material being currently accreted must be 
more carbon-deficient than chondritic meteorites and thus 
rocky. In contrast, planetary debris that originates in an ex- 



trasolar Kuiper Belt analog is expected to have a high frac- 
tion of volatiles like carbon , as observed in comets such as 
Halley (|Mumma et al.lll993l '): during the giant phases of the 
progenitor star, volatile elements should not be significantly 
deplete d within r > 50 km planetesimals orbiting beyond 
30 AU I Jura fc Xul2O10l ). Thus, planetary material currently 
being accreted by these two descendants of A-type stars in 
the Hyades was likely formed in their inner regions, and is 
thus analogous to asteroidal material, i.e. exo-terrestrial. 

The total heavy element accretion rates for the 
stars, Mz in Table [21 are calculated assuming silicon is 
0.16 by mass as i n the bulk Earth jMcDonoughl I2OO0I : 
iMcDonough fc SunI [19951 : lAllegre et all 1 19951 ). asthis has 
been shown to most closely reflect the total composition 
where eight or more metals are detected (jZuckerman et all 
I2OIOI ). These inferred total accretion rates are between 10 
and 100 times lower than found for any other DAZ star of 
similar effective temperature, and this is due to the superior 
sensitivity of COS ultraviolet data (hence the motivation for 
the COS Snapshot). 

Assuming these stars are accreting calcium and magne- 
sium in bulk Earth proportions relative to silicon, the pho- 
tospheric abundances would be [Ca/H] = —8.7, —9.3 and 
[Mg/H] = -7.3, -7.9 for 0421+162, 0431+126 respectively 
Model spectra calculated with these abundances have Ca'll 
3934 A and Mg 11 4482 A line widths around 1 mA and would 
therefore not be detectable with current ground-based facil- 
ities. While such detections should be possible with ELTs, 
the Mg II resonance lines in the near-ultraviolet are predicted 
to be significantly larger, at 50 — 100 mA. 



3.4 Rocky Debris Detection: Pollution vs. 
Infrared Excess 

Spitzer studies of metal-enriched white dwarfs have shown 
that only those circumstellar disks with infall rates above 
^ are capable of producing detect able infrared ex- 
cesses (|Farihi et al.ll2009l : ljura et al.ll2007l ). and the silicon- 



10** gs 



bearing Hyads keep to this trend. All eight of the clas- 
sical, single Hyades (super)cluster white dwarfs were ob- 
served with cryogenic IRAC - to search for young and still- 
warm giant planet s - but no infrared excesses were detected 
(|Farihi et al.ll2008l ). 

For polluted white dwarfs with infrared-detected disks, 
the thermal Fi, continuum peaks near 5 nm from T ~ 
1000 K dust (iCirven et all I2OI2I ; Ivon Hippel et all |2007| ). 
in stark contrast with dusty main-sequence stars such as 
Vega and /3Pic. The white dwarf disks have relatively 
large fractional infrared luminosities, ranging from 0.001 
to 0.03, including at lea st six stars with Lm/L, > 1% 
l|Farihi et al.ll2012l. l2010bl) . The fractional excesses tend to- 
wards sm aller values with increasing stellar effective tem- 
perature (lFarihi|[201ll) . possi bly due to a smal ler available 
area to un-sublimated dust (|Farihi et al.ll201^ ) within the 
finite Roche limit of the star, where the debris is likely 
generated by asteroids perturbed onto star-crossing orbits 
IVeras et al.il2013l:lBonsor fc Wvat"tll2012l : iDebes et alll2012l ; 
iDebes fc SigurdssonI I2OO2I ), and subsequently tidally dis- 
rupted l| Jural I2OO3I ). These data can be used to estimate 
Lir/L* for the two polluted Hyads, by assuming disk mass 
scales with accretion rate, and extrapolating from i nfrared 
detections. Taking Lm/L, ~ 0.001 for 10^ gs"^ (|Farihil 
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[20TJ) from the known T^g ~ 20 000 K white dwarfs with 
dust, the corresponding fractional dust luminosities would 
be 10"^-* and lO"'' * for 0421+162 and 0431+126 respec- 
tively. 

Hence, these detections of exo-terrestrial debris via at- 
mospheric metal pollution in white dwarfs are at least as sen- 
sitive as equivalent infrared observations of main-sequence 
stars. For A-type stars, which are the likely progenitors of 
the two Hyads studied here, Lir/L* ~ 10~^ — 10~^ sensi- 
tivities are rea dily achieved via 24 and 70 fim photometry 
l|Su et al.l [200^1. but are mainly insensitive to dust within 
10 AU (|Wvattll2008l ). Only a small fraction of main-sequence 
stars display infrared excesses consisten t with warm debris 
in the terrestrial zones o f their host stars l|Kennedv fc WvattI 
|2012| : [Melis et al]|2010l '). and b y necessity they tend to have 
spect acular infrared excesses (jRhee et al ] |2008l : ISong" et al.l 
I2OO5I ). For observations that probe within several AU, such 
as 12 fim IRAS or WISE photometry, dust detections typ- 
ically require I/ir/L* > 10~*. As shown above, it is likely 
that white dwarfs enable detections at least two orders of 
magnitude smaller than this via pollution, and are thus a 
highly sensitive probe of terrestrial planetary debris around 
nearby stars. 



4 SUMMARY 

Sensitive ultraviolet observations with Hubble COS sug- 
gest the ongoing accretion of silicate-rich and carbon-poor 
circumstellar material at two white dwarf descendants of 
intermediate-mass (A-type) stars in the Hyades open clus- 
ter. In each case, currently infalling material is found to 
be more carbon-deficient than CI chondrites, and consistent 
with terrestrial-like planetesimals at 625 Myr, which is ap- 
proximately the timescale of the late heavy bombardment 
in the Solar System. This evidence supports the idea that 
these two Hyads had the rocky building blocks necessary for 
the formation and retention of terrestrial planets. 

The study of rocky exoplanetary material via white 
dwarfs has great potential. It is the only method whereby 
the bulk composition of entire planetesimals (and possibly 
large bodies akin to planetary embryos) can be ascertained. 
Infrared observations can reveal material in the terrestrial 
zone of nearby stars, but the requirement for large flux ex- 
cesses - and the dearth of examples despite large searches - 
implies that white dwarf pollution may already have yielded 
more detections of material in this region. At least 20% to 
30% of cool wh ite dwarfs show eviden c e for refractory ele- 
ment pollution jZuckerman et al]|2010l . [20031 ') . compared to 
less than 1% of main-sequence stars with warm debris. In 
fact, two of the three neares t white dwarfs are metal-polluted: 
vMa2 and Procyon B (Farihi et al.ll2013l ). The discovery of 
what are likely rocky planetary systems in the Hyades high- 
lights the power of the archaeological approach to terrestrial 
exoplanetary science. 
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